Abstract -Beremendia fi ssidens and B. minor remains of the late Early Pleistocene vertebrate fauna of the Somssich Hill 2 locality are described. B. minor is reported here as a new element in the site. Th is record emended the stratigraphic range of this species to the Early Biharian Stage, Nagyharsányhegy Phase (ca. 900 ka). Th e detailed morphological and morphometrical studies gave a chance to make a new diff erential diagnosis between the two forms. Both of them might have been characterized by special nutrition strategy (poisoning snails and other small animals by their grooved lower incisor and storing them in their pits) and they could have lived in forest-and bushcovered lake-, or riversides. Th e European stratigraphical and palaeobiogeographical occurrences of the genus are summarized on the basis of published literature. With 30 fi gures and 3 tables.
INTRODUCTION
Th e Somssich Hill 2 site is one of the most important Pleistocene vertebrate localities of Hungary. It was discovered by Dénes Jánossy and György Topál in 1975 . Th e excavation led by them between 1975 and 1985 yielded rich Pleistocene fauna, of which preliminary list is given by Jánossy (1986) . Th e molluscan fauna of the locality was elaborated by Krolopp (2000) , and some mammal groups were also described by János Hír (cricetids) and Dénes Jánossy (lemmings and arvicolids) (Hír 1998; Jánossy 1983 Jánossy , 1990 ). Most of the Somssich Hill 2 material is under elaboration in the Department of Palaeontology and Geology of Hungarian Natural History Museum, by the cooperative research group of the Hungarian Academy of Sciences, the Hungarian Natural History Museum and the Eötvös Loránd University (OTKA K104506; project leader: Piroska Pazonyi). Up to now mainly preliminary reports were published on the results of this work Fragmenta Palaeontologica Hungarica 31, 2014 Mészáros et al. 2013; Pazonyi et al. 2013a, b; Pazonyi & Virág 2013a, b; Szentesi 2013 Szentesi , 2014a .
A great number of soricid fossils were found in the Somssich Hill material. Seven shrew species were mentioned by , and two of them (Beremendia fi ssidens, B. minor) are discussed here in detail.
LOCALITY Th e Somssich Hill 2 site is located ca. 500 m west of Villány, on the top of the Somssich Hill (today known as Villány Hill) in Southern Hungary, Villány Hills (GPS coordinates: N 45° 52' 26.66'', E 18° 26' 32.71''; EOVX = 58998, EOVY = 603025) ( Fig. 1) .
Th e locality is a sediment-fi lled karst fi ssure in the Jurassic limestone of the Vil lány Hills. Fift y layers were separated within the excavated infi lling sediment (each layers are 20-30 cm in thickness). Th e sediment was loess-like yellow aleurite in the upper layers, but became red and more clayey down from the layer 28 (Kordos 1991) . Th e cave was excavated in depth of ca. 9.5 m (Jánossy 1999) .
MATERIAL AND METHODS
Th e fossil material of the locality is stored in the Department of Palaeontology and Geology of the Hungarian Natural History Museum, Budapest. Several shrew species were identifi ed in the material collected by Dénes Jánossy . Th e fossil bones are poorly preserved, most of them are fragmentary, the complete mandibles and maxillae are relatively rare. Th e Beremendia shrews are well distinguished from the other shrew species of the locality by the large-sized elements (skull elements, teeth and humeri).
Th e fi ft y layers yielded 169 B. fi ssidens and 11 B. minor remains (minimum number of individuals: 61, and 8, respectively). At the determination of the minimum number of individuals all the bone elements and teeth were taken into consideration. During the anatomical description and measurements of specimens the method presented by Reumer (1984) was followed.
Th e measurements were made by a calibrated eyepiece micrometer of a Nikon SMZ800 microscope and were given in mm. Th e R 3.1.1. soft ware was used for making the morphometrical analyses. Th e SEM photos were taken by a Hitachi S-2600N Variable Pressure Scanning Electron Microscope (VPSEM).
Th e abbreviations in the description and the measurements are used as follows: I = incisor, A = antemolar, P = premolar, M = molar, M x = upper tooth, M x = lower tooth, L = length, W = width, H = height, BL = buccal length, LL = lingual Fragmenta Palaeontologica Hungarica 31, 2014 length, AW = anterior width, PW = posterior width, n = number of specimens, min. = minimum, max. = maximum, SD = standard deviation, MNI = minimum number of individuals. Fig. 1 . Th e geographical situation of Somssich Hill 2 locality (aft er Type material -Crossopus fi ssidens Petényi, 1864 Original diagnosis -Th e original diagnosis of Petényi (in old Hungarian language) highlighted the bifi d upper incisor, the acuspulate lower incisor and the relative position of the incisors and antemolars as specifi c morphological characters. Th e new species was described as "Crossopus" fi ssidens and was classifi ed to the group of the red-toothed water shrews (aft er Petényi 1864) .
Emended diagnosis -Teeth intensively stained dark red. I 1 is strongly fi ssident with a bifi d apex. . Th e parastyle of the M 1 is moderately developed. M 3 is relatively small. I 1 is grooved, acuspulate, the apex curves upwards. A 2 is bicuspid and has a posterolingual basin. M 3 is reduced. Th e ramus is strong and robust. Th e coro- noid process is stout, anterolaterally curved; the angle of the curve may vary. Th e angular process is short and fl at. Th e external pterygoid fossa is defi nitely or less deeply pocketed. Th e upper facet is narrow; its shape may vary from elliptic to oval. Th e interarticular area is broad with a lingual margin. Th e lower facet leans strongly anteriorly and it is not visible in buccal view. Th e internal temporal fossa is small, deep and pocketed (aft er Reumer 1984) . Anatomical description -Some detailed anatomical descriptions were already published on B. fi ssidens (Rzebik-Kowalska 1976; Reumer 1984; Rofes & Cuenca-Bescós 2009; Botka & Mészáros in press) . Th erefore, only the most important morphological characters and the diff erential diagnosis between the two discussed forms are presented in this article.
Mandible -Th e mandibular body is robust, strongly built, slightly leans laterally. Th e symphysis terminates below the posterior root of M 1 . Th e ascending ramus is anteroposteriorly broad and leans strongly medially. Th e coronoid process is narrow, short, stout and leans anteriorly in lateral view. Th e coronoid spicule is thin, poorly developed and nearly vertical. Th e condyloid process is characteristic. Th e angular process is very short (Figs 3-6 ).
Dentition -I 1 is fi ssident with a bifi d apex. Th e lingual part of P 4 crown is very low. Th e occlusal outline is nearly triangular but it can be variable. Th e occlusal outline of M 1 is square with rounded corners. By comparison, M 2 has a more developed parastyle which protrudes buccally beyond the mesostyle and the metastyle. M 3 was not found in the studied material. Th e crown and the root of I 1 are equally stout and elongated. Th e crown of the lower incisor is grooved and acuspulate. M 1 and M 2 have trapezoidal outlines in occlusal view; the trigonid basins are deep and broad. M 3 is reduced but its talonid is basined (Figs 2, (6) (7) (8) (9) (10) (11) (12) 16) .
Diff erential diagnosis (according to present study on the material of the Somssich Hill 2 and Osztramos 7 localities): B. fi ssidens diff ers from B. minor not only in size but there are also some diff erent morphological characters. Th ese are the following: I 1 -the angle between the ventral part of the apex and the anterior margin of the talon is diff erent; I 1 -B. fi ssidens has a less pointed apex and has a less curved lower incisor; M 3 -B. fi ssidens has a low entoconid, a straight hypolophid and the posterior margin of the talonid is angular. Contrarily, B. minor has a high entoconid, a rounded hypolophid and the posterior margin of the talonid is round (Figs 7-8, 15) .
Remarks -According to our observations B. fi ssidens specimens from Osztramos 7 site (MN 16) , left mandible fragment with M 1 and skull processes except the angular process, and 9 right mandible fragments, partly with skull processes except the angular process and all together providing a full set of the lower teeth except I 1 (Rzebik- Kowalska 1976) .
Type locality -Rębielice Królewskie 1A, Poland, Upper Pliocene (MN 16, Lower Villafranchian Stage).
Studied material -Somssich Hill 2 locality: 1 right maxillary fragment, 1 left mandible fragment, 5 right mandible fragments, 1 right P 4 , 1 left M 1 , 1 right I 1 and 1 right M 2 .
Measurements - Table 2 .
Dental formula -153/123.
Original diagnosis -Th e morphological structure of B. minor is an exact counterpart of the structure of B. fi ssidens, in connection with which its classification in the genus Beremendia does not rouse doubt. However, the dimensions of this species are much smaller than those of the members of B. fi ssidens from the same locality and the smallest specimens from the Pliocene locality at Węże I. As the diff erence in size is conspicuous, the dimensions of the two forms do not overlap, and they occur in the same locality, the small form has been included in a separate species (aft er Rzebik- Kowalska 1976) .
Emended diagnosis -According to Reumer (1984) B. minor is morphologically identical to B. fi ssidens. Th e two species diff er only in size, B. minor is considerably smaller than B. fi ssidens. Anatomical description -Th e dimensions of the species are signifi cantly smaller than those of B. fi ssidens (not only the dental elements but also the size of the mental foramen, its anterior basin and the parameters of the symphysis fossa). I 1 -Th e angle of I 1 is smaller between the ventral part of the apex and the anterior margin of the talon. I 1 -It has a more pointed apex and a more curved lower incisor. M 3 -B. minor has a high entoconid, a rounded hypolophid and the posterior margin of the talonid is round (Figs 13-15) .
Remarks -Th e occurrence of the small form of Beremendia is also mentioned by Fejfar (1964) from Hajnačka (Slovakia), which corresponds in age with Rębielice Królewskie. Fejfar described them as Beremendia sp. According to Rzebik-Kowalska (1976) Beremendia fi ssidens remains from Schernfeld (Austria) (Dehm 1962 ) and the Beremendia sp. from Hajnačka (Fejfar 1964) seems to be as small as B. minor in dimensions. Th e measurements of the small form of Beremendia from the Somssich Hill 2 locality compounds with the aforementioned remains (Dehm 1962; Fejfar 1964) . ). P-value above 0.05 shows a normal distribution which indicates the presence of only one species (in case of 95% confi dence interval) (Goodman 2008 ). In the case of the common set of the measurement data of B. fi ssidens and B. minor do not show normal distribution, indicating the presence of diff erent species (P-value of length: 0.0026, P-value of width: 0.0017). Contrarily, P-value of length is 0.0581, P-value of width is 0.1017 at B. fi ssidens, while P-value of length is 0.1165, P-value of width is 0.0460 at B. minor (because of the few data it is plausible). Th e measurements of the two diff erent species show normal distribution if we divide them. Th e linear correlation (Fig. 21) , the box plots (Fig. 22) , the regression lines (Fig. 23) and the confi dence ellipses (Fig. 24) show that the measurement data of Somssich Hill 2 B. fi ssidens and B. minor specimens constitute two signifi cantly diff erent sets (confi dence interval 95%).
Making a comparison between the Hungarian Beremendia specimens and the older Polish ones (aft er Fejfar 1964 and Rzebik-Kowalska 1976) shows that the detachment of the two forms became more expressive to the end of the Early Pleistocene (Fig. 25) . Th e diff erence was caused by the size growth of B. fi ssidens while the measurements of B. minor did not develop signifi cantly. Th is divergent progression could be the main evolutionary trend aft er the specifi c separation.
Some details in the dental morphology (the form of the upper and lower incisors), the size of the mental foramen and its anterior basin, the parameters of the sympysis fossa also prove them to be diff erent taxa.
Th e main diff erential characters are present on M 3 talonid, which were similarly found not only here, but on the specimens of the North Hungarian Pliocene Osztramos 7 (MN 16) site as well.
Sum up, the main diff erential characters between B. fi ssidens and B. minor specimens from the Somssich Hill 2 locality are as follows: B. fi ssidens is bigger (mainly in the length of the lower molars). It has basined M 3 talonid with straight posterior margin (hypolophid) and the entoconid is lower than that one of the smaller species. Contrarily, B. minor has a more reduced, not basined M 3 talonid with rounded posterior margin and with high entoconid 13, 15, (17) (18) (19) (20) (21) (22) (23) (24) (25) . (Fig. 26) . Th e identifi ed shrew and dormouse fauna (Sorex, Crocidura, Beremendia, Glis, Muscardinus and Dryomimus species) confi rmed this hypothesis (Botka & Striczky 2014; .
B. fi ssidens is present from the MN14 zone (Osztramos 1, Podlesice, Zalesiaki 1B and Zamkowa Dolna Cave B) to the Tarkő Phase (ca. 350 ka) of the Middle Pleisto cene (Tarkő) in Europe (Reumer 1984; Stefaniak et al. 2009; Jánossy 1986) (Figs 27-29) . Th e presence of B. minor in the studied material was surprising because this species was only found at Pliocene localities e.g. Rębielice Kró lews kie 1A (MN16), Osztramos 1 (MN14), Osztramos 7 (MN16), Hajnačka (MN16), Ivanovce (MN15) and Gundersheim-Findling (MN15) (Rzebik-Ko- wals ka 1976 Reumer 1984; Fejfar 1964; Dahlmann & Storch 1996) by this time. According to Rzebik-Kowalska (2013) it is likely that for some reason B. minor is rarely found in fossil materials because it is similar to some other more frequent taxa e.g. Paenelimnoecus or Neomys. According to our data, B. minor is present in the Early Pleistocene of Hungary; therefore, the stratigraphical range of this species could have been extended (with ca. further 2 million years) (Fig. 26) .
Palaeoecology
Today B. fi ssidens is said in the references to had been venomous. Th is hypothesis is induced by its specially adapted, fi rst lower incisor on which there is a well-marked "venom groove" running along the medial side of its crown (Fig. 16) . Furió et al. (2010) analyzed the anatomical characters of Beremendia. Examining its dental characters, they do reassess the venomous nature of the show the maximal distribution of the genus in the given time interval species included in this genus and they deduce that the diet of Beremendia was highly specialized in coleopterans and gastropods. According to them, the use of venom in shrews feeding on non-struggling prey can be reliably explained as a mechanism to subdue the prey without killing them before the real time of consumption. Th e induction of victims into a comatose-state permits their hoarding for a longer time in a better state of preservation than if they were dead, thus diminishing the risk of starvation (Ligabue-Braun et al. 2012) . Such strategy provides important benefi ts to their users under unpredictable conditions, because the eff ects of environmental unpredictability are consequently reduced. Bennásar et al. (2014) have found taphonomical evidences that B. fi ssidens may have had the capacity to bite prey larger than itself (small mammals, e.g. moles)
. Th e addition of small vertebrates to complement a diet based on insects and snails could have been a way of responding to the needs of the high metabolic rate characteristic of the giant shrews. B. fi ssidens is reported from ecotypes nearby open water bodies (lakes or rivers) by several authors (e.g. Cuenca-Bescós et al. 2005; Furió et al. 2010; Agustí et al. 2011; Garcia et al. 2014) . Its adaptation to watersides is supported Fig. 30b . Summary about the stratigraphical range of the genus Beremendia in Europe. References contain the most important publications about the localities (Poland, Spain, Austria, Germany, Georgia, England and Italy) here by simultaneous occurrence with water-preferring amphibians and reptiles in the Somssich Hill 2 assemblage (Szentesi 2013 (Szentesi , 2014a . On the other hand, the rodent fauna (e.g. the abundance of the dormice) of the studied site indicates the presence of closed vegetation. Th e layer-by-layer occurrences of the two studied Beremendia species in the Somssich Hill 2 section do not show signifi cant diff erences between the preferences of the two forms (Table 3 ). Th at is why both of them can be considered here as the indicators of gallery forests or bushy vegetation on the side of a lake or a river. It should be noted that Botka & Mészáros (in press ) gave a fi gure on the MNI of B. fi ssidens teeth by layers from Somssich Hill 2 site. Th ese data were completed with some specimens, yielded by the present studies. Otherwise some teeth should have been re-determined as B. minor. Th at is why the data of Table 3 are somewhat diff erent from Figure 4 of Botka & Mészáros (in press ). (Fig. 27) .
Beremendia remains are known from more than 150 localities of 20 countries from Europe. Th e genus had a wide distribution from the Iberian Peninsula to the Urals and from the British Isles to Central Italy and Greece (Figs 30a-c) .
Th e fi rst appearance of the genus was probably in Central Europe (MN14 of Poland and Hungary). Th e spreading of the genus started from here in the Middle Pliocene (MN15). During the Late Pliocene (MN16) the genus expanded to a south-southwest direction (Spain, Italy and certainly Southern France but in the latter area there are no evidences for the genus yet, only from MN17). In the earliest Pleistocene (MN17) we can see a northern transgression of Beremendia shrews to the Netherlands and Southern England. Th e genus reached its maximal distribution in the Early Pleistocene. From this period some localities are known in Ukraine and Russia, too (Figs 28, .
In the Middle Pleistocene of Europe B. fi ssidens was the last representative of the genus and this species became extinct until the middle part of the Middle Pleistocene. Th e youngest occurrences of the genus are in Poland (Kozi Grzbiet 2 -700 ka, Stefaniak et al. 2009) 
